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  Abstract 
Correlation is the mutual relationship and relatedness shared between two or more 
objects.  There are many factors that contribute to the degree of correlation. These factors 
include shared similar traits, developmental origins and shared common ancestors. Though there 
have been many studies in patterns of correlation, especially among various species of 
vertebrates and plants, relatively little research has been conducted in studying patterns of 
correlation among invertebrate species such as insects. For my research, I am testing correlations 
between traits in insects. I investigated three hypotheses that were based on previous work on 
trait correlation: 1) there is a stronger correlation in size of body parts in holometabolous insects 
compared to hemimetabolous ones; 2) there is a stronger correlation in size of body parts in 
adults compared to juvenile, and finally, 3) There is a stronger correlation among traits within 
body regions than between body regions. To test these hypotheses, eight species of insects were 
collected from different locations, four with holometabolous development (complete 
metamorphosis) and four with hemimetabolous development which involves a gradual 
incomplete metamorphosis different from the juveniles. Larvae were also collected from two 
holometabolous species. I dissected and measured seven specific traits for ten individuals of each 
species. These measurements were then used to calculate correlations between all pairs of traits. 
It was concluded that there was no support for any of my hypotheses. Correlations were similar 
in both holometabolous and hemimetabolous insects, adults and larvae and within regions and 
between regions. Much evidence provides support for size variation within species contributing 
to these similarities in correlations. Larvae species revealed higher correlation than the adults, 
due to higher correlations observed in trait pairs. The presence of these similar trait correlations 
within species suggest that mean correlation is depended on size variation.        
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   Introduction 
History and Origin 
Correlation is the study of a mutual connection and integration between two or more 
traits. The interest in correlation dates at least back to Darwin’s On the Origin of Species, in 
which he notes that correlation is a very important subject that isn’t readily understood (Darwin, 
1859). There have been many studies in patterns of correlation, especially among various species 
of vertebrates and plants. Russian scientist Berg (1960) first introduced the concept of correlation 
pleaides, an idea that there is presence of trait correlation between certain parts, or different areas 
of the same part of an organism, while simultaneously an absence of correlation between these 
and other parts of that organism. This concept inspired her research on patterns of trait 
correlation in which she focused on pollination systems of flowering plants. She concluded that 
flowering plants with species-specific pollination were more correlated than those with generalist 
pollination. She also found low correlations between floral and vegetative parts of plants (Berg, 
1960). Olsen and Miller (1958) also used correlations coefficient and statistical approaches as a 
means of describing the morphological similarities in traits in organisms. Conner and Via (1993) 
also elaborated on morphological traits in an organism along with a focus on patterns of genetic 
correlations. Like Berg, they concluded that floral and vegetative parts of plants had extremely 
low correlations between them. The history and motivation for studying trait correlation have 
been reviewed by many ecologists (Wagner and Altenberg, 1996; Armbruster et. al., 1999; 
Murren, 2012), who used Berg’s study of correlation pleaides as a benchmark for their research. 
 Patterns of correlations among plants and vertebrate animals have been the most widely 
studied (Murren, 2012), while correlations within invertebrate species such as insects have been 
the least explored. One of the most recent papers to discuss phenotypic correlation among both 
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plants and animals is by Conner et. al (2014). Their literature review incorporated studies of 
plants, as well as both vertebrate and invertebrates, especially insects, as part of a broad-scale 
comparison of correlation. They discovered evidence of similar levels of correlation among 
vegetative traits of plants and parts of hemimetabolous insects. For both, the average correlation 
was about 0.5. Holometabolous insects, on the other hand, revealed a greater correlation in their 
adult stages than any other organism. This study motivates my work on comparing correlations 
between insects with hemimetabolous and holometabolous development. Bearing in mind that 
Conner et. al. (2014) study was based on a very small sample size, it is clear that a larger sample 
size and more data are needed to test the generality of those results. 
The goal of this research is to provide more insight on tests of correlations between 
insects with holometabous and hemimetabolous development. Taking into account the 
previously conducted study, increased sample sizes of holometabolous and hemimetabolous 
insects are used to test for generality of the patterns highlighted by Conner et. al. (2014). A 
broad-scale comparison of correlations in adult and larval stages is also made, as well as of 
correlations within body regions and among body regions. 
Factors of Correlation  
There are many factors that have been hypothesized to influence the degree of 
correlation. These factors include developmental origin and evolutionary history, whereby two or 
more entities are descendants of a common ancestor. One common example is the developmental 
origin of appendages. There is much evidence that reveal similarities in the regulatory genes that 
function to organize the growth and limb formation in vertebrates and invertebrates (Panganiban 
et. al 1997). Consequently, it is expected that same parts of different limbs shows higher 
correlation due to shared developmental origins (Panganiban et. al 1997). It is likely that 
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correlation patterns will be more similar in species that evolved from a common ancestor. There 
is also much evidence, including fossils and skulls that indicate a physical and genetic 
similarities between humans and primates. In other words, patterns of correlations are expected 
to be higher in species that share common functional traits.  
The two developmental modes of study 
The three major developmental modes in insects are ametaboly, hemimetaboly and 
holometaboly. Phylogenetic studies suggest hemimetabolous development evolved from 
ametabolous development, and holometabolous development then evolved from hemimetabolous 
development. I will primarily be focusing on the developmental modes of hemimetaboly and 
holometaboly. In hemimetabolous insects, the metamorphic transformation between juvenile and 
adults is incomplete and primarily involves the growth and maturation of the genitalia and 
functional wing parts (Figure 1). Hemimetabolous juveniles, also called nymphs, differ from 
their adult counterparts by their lack of wings (Borror et. al., 1992). Consequently, the 
phenotypic structures of the juvenile are not too different from those of adults. In contrast, the 
most derived developmental mode, holometaboly, is where juvenile structures of the insect are 
completely remodeled during metamorphosis, which results in a great distinction between adults 
and larval phenotypes (Figure 2). Holometabolous insects undergo complete metamorphosis 
from larva to adult via a pupal stage (Peel 2008).  Ametaboly (no metamorphosis) occurs in 
wingless species, where the juvenile and adult stages are marked only by differences in size and 
sexual maturity; in other words, the larvae and the adult are very much similar in appearance 
(Borror et. al., 1992). 
 
 
 
 
  
Figure 1: Example of hemimetabolous development; Dermaptera (Earwig)
 
Figure 2: A) Larva, B) Adult of
development 
 
Hypotheses 
Correlation is hypothesized to be higher
insects (Conner et. al., 2014). This hypothesis is 
their adult stage, possess a phenotype that can be determined during a short time 
the individual is pupating. This in turn mitigates
random phenotypic variations which might decrease the degree of correlation
A) 
©Wiki Commons 
©Jarmo Holopainen 
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 Tribolium Castaneum, a species with holometabolous 
 
 in holometabolous than in hemimetabolous
based on the fact that holometabolous
 any environmental impacts that can cause 
 (Conner et. al. 
B) 
 
 
 
 species in 
interval when 
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2014). In addition, the degree of metamorphic transformation differs greatly between the two 
developmental modes. Holometabolous species undergo a complete remodeling of their body 
parts during metamorphosis, as opposed to hemimetabolous species that mainly add on to the 
traits they already acquire. Conner et. al. (2014) found a greater trait correlation in 
holometabolous species with a mean of 0.84, than in hemimetabolous species, which had a mean 
of 0.5. These findings do not suggest a definite conclusion due to the fact that only three 
hemimetabolous species were studied; therefore, it is important to see how these results would 
differ when the number of species is increased. 
Differences in the degree of correlation are also expected between larval and adult stages 
of holometabolous species. Adults are predicted to have higher correlations than larvae (Conner 
et. al., 2014). Typically, holometabolous larvae stores large amounts of carbohydrates and 
protein in preparation for development into the pupal and adult stages. During the prepupal 
period, food intake ceases, and the level of stored nutrients suddenly drops over the course of 
pupal development as these stored nutrients are used in metabolism and the construction of adult 
structure (Nijhout and Wheeler, 1996). Just as in the holometaboly/hemimetaboly hypothesis, it 
is also possible a lower environmental variation during the pupal stage can result in 
holometabolous larval adult having a higher correlation than larval traits (Conner et. al., 2014). 
Lastly, I tested whether correlations of traits that were within a body region and those 
between body regions differed. For this test, traits were divided into those within the head and 
within the thorax. Correlation is hypothesized to be stronger within these two body regions than 
between regions. This hypothesis emerges from the comprehension that traits within the same 
region share a common functional role, and therefore are more likely to be tightly correlated with 
each other (Olson & Miller, 1958; Wagner & Altenberg, 1996). Consistent with this hypothesis 
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is the concept of modularity, which describes a complex of phenotypic traits that are highly 
integrated, while simultaneously independent from other phenotypic regions (Mezey et. al., 
2000).  
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    Methods 
 
Species selection 
 I chose eight species of insects from the two developmental modes, along with juveniles 
of two species. Species selected for this study were chosen because they were convenient to find. 
Moreover, they provided good sample sizes that could be used to estimate correlations. Among 
the eight species, four were holometabolous while the other four were hemimetabolous. 
Juveniles were also obtained for two of the holometabolous species. The four holometabolous 
species were carpenter ants (Camponotus pennsylvanicus), flour beetles (Tribolium castaneum), 
fireflies (Photurus sp.), and Indian meal moths (Plodia interpunctella). Larvae were collected for 
the two beetle species, T. castaneum and Photurus sp. The two juveniles differ in by their body 
cuticle. Photurus sp. larvae contain a tough dorsal cuticle, while Tribolium larvae are soft-
bodied. The four hemimetabolous species gathered were Ebony Jewelwing (Calopteryx 
maculata), treehoppers (Publilia concava), mayflies (Hexagenia limbata) and grasshoppers 
(Dissosteira Carolina). When sexual dimorphism was obvious and sampling made it possible, a 
single sex was used. This was the case for P. concava, being all males, and H. limbata and C. 
pennsylvanicus being all female. Sexual dimorphism also occurred in C. maculata, but equal 
number of males and females was used because individuals obtained were of the two 
combinations. 
Field work 
 T. castaneum and P. interpunctella were both obtained from lab colonies. T. castaneum, 
adults and juveniles were reared on a mixture of 19 parts whole wheat flour to 1 part yeast in an 
incubator at 32  C. All other species were field collected; table 1 provides locality information. 
C. pennsylvanicus was collected near Storrs cemetery on June 2nd 2014 and also on June 3rd 2014 
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in the forest areas of UConn’s Horsebarn Hill. Photurus. sp. were collected on Horsebarn Hill on 
the evenings of July 10th 2014 and July 18th 2014, and the  juvenile Photurus sp. fireflies were 
also collected on Horsebarn Hill on the evening of June 4th 2014. 
 C. maculata were gathered from the town of Mansfield’s Shelter Falls Park on July 1st 
2014. P. concava were collected in Merrow Meadow, Coventry CT on May 26th 2014. 
Hexagenia limbata were obtained from Belknap boat launch New Hampton, NH on June 30th 
2014, and finally D. carolina were found at Fenton River UConn forest and also at UConn 
Horsebarn Hill on August 1st 2014. 
Table 1: Latitude and Longitude of localities estimated from LatLong.net 
Locality Longitude Latitude 
UConn Horsebarn Hill     
(Mansfield, CT) -72.2511 41.8213 
Storrs cemetery 
(Mansfield, CT) -72.1904 41.7635 
Mansfield Shelter Falls Park 
(Mansfield, CT) -72.2801 41.8125 
Merrow Meadow, CT 
(Mansfield, CT) -73.0877 41.6032 
Belknap New Hampton 
(Boat launch, NH) -71.6528 43.6053 
Fenton River UConn Forest 
(Mansfield, CT) -72.2328 41.8236 
 
Species preparation 
 
Ten individual insects of each species were used in order to ensure a good sample size for 
estimating trait correlations. Sample processing depended on the kind of cuticle species had. 
Species with hard bodies including D. carolina, C. maculata, P. concava, C. pennsylvanicus, T. 
castaneum and Photurus sp. larvae underwent clearing in order to soften up the cuticles to make 
dissecting less difficult. The specimen were placed in a solution that contained 80% acetic acid 
and 20% glycerol and incubated at 55°C overnight. The specimen were then transferred into a 
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solution consisting of 20% acetic acid and 80% glycerol and incubated at 55°C overnight. 
Finally, the specimen were transferred into a solution containing 100% glycerol in order to keep 
them moist and prevent them from drying. Soft-bodied species were preserved in 75% ethanol 
and did not undergo additional processing.  
Trait selection and measurements 
Traits chosen for this study include the head, prothorax, and wings. I also chose specific 
body parts such as the femur and tibia of the first and third legs, mandible and antenna. These 
traits were specifically chosen because they can be found in almost every species of insects. This 
in turn makes it easier to compare the amount of correlation. I specifically used the left side of 
the body and kept this process consistent throughout all species, but if required traits on the left 
side were damaged, traits from the right side were used as an alternative. Table 2 provides a 
complete list of body parts obtained from each species. 
Table 2: complete list of species body parts obtained; Species with no marking indicate an 
absence of that particular body part. 
  
 
Body parts were measured using techniques that differed from species to species, 
depending on the size of the specimen. To begin with, body measurements for each individual 
Species Mode Head Prothorax Wing Femur1 Femur3 Tibia1 Tibia3 Antenna Mandible 
T. castaneum Holometabolous                   
T. castaneum 
larvae 
Holometabolous                  
C. pennsylvanicus Holometabolous                  
Photurus sp.  Holometabolous                   
Photurus sp. larvae Holometabolous                  
C. maculata Hemimetabolous                   
P. concava Hemimetabolous                   
H. limbata Hemimetabolous                  
P. interpunctella Holometabolous                   
D. carolina Hemimetabolous                   
  
were taken twice prior to dissection. 
species, the maximum width of the head and prothorax were measured
most species were measured by taking the maximum width 
Body measurements of C. maculata
in the process. Its head and wings were measured using 
measured under the dissecting microscope
      Figure 4: Representation of how traits were measured
                               
                           
 
Once these measurements were
then dissected using forceps, needles and a dissecting microscope. 
mounted on slides and photos were taken us
magnification. For the remaining species,
P. interpunctella and Photurus sp.
microscope under different magnification, based on the size of each specimen
Kusi 14 
All individuals were placed on its dorsal side,
. If available, wings for 
from one end to the other (figure 4
 were taken prior to clearing, to ensure no parts went missing 
calipers, while the prothorax was 
. D. carolina heads were also measured using
 
 
 complete, the body parts of individual specimen
The smallest body parts were 
ing a digital camera mounted on a microscope at 5
 including C. pennsylvanicus, H. limbata
, only photos of the antenna were taken using the dissecting 
. Photographed 
 
 and for most 
). 
 calipers.  
 were 
0x 
, C.maculata, 
  
body parts were measured using a computer program called
Regardless of strategies used, the length of 
midpoint on one end of the segment and tracing to the other
identifying the two landmarks, condyle and incisor
length of antennae was measured
the proximal end of the scape. 
      Figure 5: Examples of measured traits from 
      
        
Analyses 
 The program R version 3.0.1 (
all traits for each species and life stage, as well as to obtain
absolute values of trait correlation were used to calculate the mean.
was used, with no adjustments to compensate for size. A subprogram R
make the heat map plots for all species and life cycles. Once again, size variation was not taken 
into consideration. Finally, Microsoft E
variation for each trait in each species and life stage.
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 ImageJ (Schneider et. al. 
the femur and tibia was measured by 
. Mandibles were measure
, and measuring from one to the other.
 by tracing along the midline of the distal tip of the 
T. castaneum adult 
R Core Team; 2013) was used to calculate correlation for 
 the mean correlation.
 For all calculations, raw data 
- package, w
xcel was used to calculate the values for 
 
b) 
 
2012). 
estimating the 
d by 
 The 
flagellum to 
         
 Pairs of 
as used to 
coefficients of 
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        Results 
Correlation Patterns 
Averages of all correlations for each species were used in order to compare correlations 
across taxa (Table 3). D. carolina had the highest average value, which indicates them to be the 
most correlated, and T. castaneum had the lowest correlation. Averages taken for all species 
were used to determine which traits had the highest and lowest correlation. This calculation 
indicates that the tibia of the third leg and prothorax displayed the highest level of correlation 
across taxa, while mandibles revealed the lowest correlation. Heat maps were used to show a 
visual representation of these results. Heat maps for holometabolous insects can be observed in 
Figure 6, while heat maps for hemimetabolous insects are indicated in Figure 7.  
Table 3: Calculated averages of all species 
Holometabolous Species Mean  Standard Deviation 
T.castaneum (adults) 0.16  0.30 
T. castaneum (larvae) 0.22  0.38 
C. pennsylvanicus 0.74  0.35 
Photurus sp. (adult) 0.28  0.41 
Photurus sp. (larvae) 0.43  0.28 
P. interpunctella 0.67  0.22 
Hemimetabolous Species  
P. concava 0.24  0.36 
H. limbata 0.35  0.29 
C. maculata 0.76  0.17 
D. carolina 0.91  0.05 
 
Holometaboly vs. Hemimetaboly 
 Mean correlations were calculated using the combined trait measurements of all four 
holometabolous and hemimetabolous species respectively. The mean correlation for 
holometabolous species was 0.51 ± 0.31, while the mean correlation for hemimetabolous species 
  
was 0.61 ± 0.30. These results do not support the hypothesis that holometabolous species are 
highly correlated than hemimetabolous species. 
Figure 6: Holometabolous species heat maps: 
the most correlated traits (+1)  are represented i
are pink in color. Color legends: 
blue illustrates between head and prothorax.
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The heat maps range from +1 to 
n light blue and the negative correlated traits (
Red represents within head, yellow indicates within prothorax, 
 
 
-1 in which 
-1) 
 
  
 
Figure 7: Hemimetabolous species heat maps
Kusi 18 
. Color representation is similar to figure 6.
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Adults vs. Larvae 
 To test the correlations between adults and larvae, mean correlations within adults 
(Figure 6-c & e) and larvae (Figure 6-d & f) were calculated for the two species of 
holometabolous development for which both life stages were available. Adults did not display 
evidence of a higher correlation than larvae. The mean adult correlations of 0.36 ± 0.22 is not on 
average greater than the larval mean correlations of 0.41 ± 0.25. In fact, larvae of both species 
displayed a higher mean correlation than the adults.  
Within vs. Between Body Regions 
Data from hemimetabolous and holometabolous species were combined to compare 
correlation of traits within body regions and those between body regions. These regions included 
traits within the head and those within the thorax. Heat maps and the calculated mean 
correlations both suggest there is no evidence of higher correlation in traits within body regions 
as opposed to between body regions. The mean within-head correlation was 0.48 ± 0.30, within 
thorax was 0.52 ± 0.29 and between head and thorax was 0.48 ± 0.29. 
Size variation 
 Although overall correlations did not differ between developmental modes, overall 
correlation were found to differ considerably between species of with each developmental mode. 
Within hemimetabolous species, C. maculata and D. carolina were found to have the greatest 
size variation. Among holometabolous species, C. pennsylvanicus were the most variable also 
revealed greater trait correlations. They showed high trait correlations as indicated by their high 
correlation values (Table 3). Considering the fact that correlation are not based on size-adjusted 
measurements, one possible explanation for relatively high correlation is the vast difference in 
body size within species. Similarly, low correlation within a species could be due to lack of size 
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variation. In other words, almost all individuals were equal in body size. To investigate this, I 
compared the calculated mean correlation with the average coefficient of variation across 
species. 
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    Discussion 
 Overall pattern reveals that hypotheses of high correlation in holometabolous species, 
adults’ life stage and traits within regions were all not supported by this study. 
Holometabolous and hemimetabolous species have similar levels of correlation. Correlation were 
also similar in adults and larvae and between traits within body regions and those between body 
regions. In other words, my results provided no support for the patterns suggested by Conner et. 
al.’s (2014) literature review of on phenotypic correlation among invertebrates.  
Holometabolous comparison with previous study 
 It was predicted that the complete re-building of the body during metamorphosis would 
cause holometabolous species to have higher correlations than hemimetabolous species. 
However, the mean correlations in holometabolous and hemimetabolous species were found to 
be very similar, with hemimetabolous having a slightly higher mean correlation value. Although 
averages were similar, there was evidence of size variation present across species, especially 
those with hemimetabolous development, with D. carolina and C. maculata having both the 
highest correlation values and the highest size variation. Holometabolous species, including C. 
pennsylvanicus and P. interpunctella also displayed high correlation values and high size 
variation, though not as high as the hemimetabolous species. As a result, these findings conflict 
with Conner et. al. (2014), who discovered lower correlation in hemimetabolous insects. They 
explained that the most likely reason for this lower correlation is the environmental variation 
during the pupal stage.  
Conner et. al. (2014) noted that the mean for holometabolous species is based on 19 
species of insects, compared to just 3 hemimetabolous species of, suggesting that their 
conclusions could be preliminary. It is important to mention that though the mean correlation 
value for hemimetabolous species in this study was similar to the value found by Conner et. al.’s 
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(2014), my results differed for holometabolous species. It is possible that the holometabolous 
species included in Conner et. al. (2014) study had a strong sexual dimorphism, with traits that 
were likely targets of specific sex. Another possibility for high correlation in holometabolous 
species found in Conner et. al. (2014) is the presence of size variation within species, which 
many of the species in this study seemed to lack.  
Mean Correlation vs. Coefficient of Variation  
In order to further test these results, mean correlations for each species/life stage were 
compared with the mean coefficients of variation, to determine variability of distribution across 
species (Figure 11). Coefficient of variation is the standardized measurement of dispersed data 
values, relative to their mean (Lovie, 2005). In other words, it is the ratio of the standard 
deviation to the mean. Just as for average correlation, D. carolina displayed the highest average 
coefficient of variation, thus having the most variability, while T. castaneum adults showed the 
least variability relative to its mean. As hypothesized, there is a significant relationship between 
the mean correlation and the coefficient of variation. One possible explanation for C. maculata’s 
detachment (represented in green) from the pattern is the presence of sexual dimorphism within 
the species. It was observed that morphological traits, such as the wings and thorax differed by 
sex, which could have caused this alteration in the relationship between the mean coefficient of 
variation and mean trait correlation. 
 
 
 
 
 
  
Figure 11: Coefficient of Variation vs. Mean Correlation
                
 
Statistical test for null hypothesis
The significance of the R
11) suggests that 43% of variation was predicted by the coefficient of variation. A statistical test 
conducted to test this relationship presented a p
null hypothesis. Both the R2 and p
species depends on the presence of size variation.
Evidence of high trait correlation in larvae
 
Environmental variations 
would have a lower correlation than adults (Conner et. al., 2014)
from this study suggest similar level of correlation 
insects. In fact, larvae displayed 
species, T. castaneum and Photurus sp.
(Table 3). For mean correlation of traits within each species, 
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2 of 0.43 produced by the coefficient of variation graph (Figure 
-value of 0.039, indicating evidence agains
-value propose there is evidence that mean correlations among 
 
 
has also been proposed as a good explanation as to why larva 
. However, mean correlations 
between adults and larva of holom
slightly higher level of correlation considering that
, displayed a higher mean correlation than did adults 
it was observed that
 
 
 
t the 
etabolous 
 larvae both 
 15 of 28 trait 
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pairs had higher correlations in larvae for T. castaneum, while 17 of 28 traits pairs had higher 
correlations in larvae for Photurus sp. Unfortunately this study did not take into account the level 
of instar of each larval that was measured, indicating that instar level could have varied from 
individual to individual. This is also consistent with the explanation of the impact of size 
variation on mean correlation described earlier. A statistical test was calculated to the test 
whether the larva trait values were expected by chance. P-values of 0.71 and 0.26 for 

 and 

 
traits respectively, suggest that higher traits in observed in larvae were more likely to be by 
chance, therefore there is no evidence of trait correlations in larvae being greater than adults.  
Comparing modularity and traits within regions  
Traits within body regions were hypothesized to have a higher correlation than those 
between body regions. This prediction is based on the understanding that phenotypic traits that 
are functionally integrated depend on one another for the overall maintenance of a successfully 
functional organism (Ordano et. al. 2008). Results suggest that neither traits within body regions 
nor traits in different body regions are more correlated than the other. Instead, my result suggest 
that correlations between traits within the head region were similar to correlation between traits 
in the head and thorax. Conner et. al. (2014), also discovered no evidence of high correlation 
within-group compared to among- group traits. Rather, they discovered the lowest mean 
correlation for traits within head regions. One possible reason for the decrease in within-body 
region correlations could be caused by modularity. These findings are not consistent with many 
studies such as Lovett-Doust (1989), who explains that an increase in trait correlation in one 
region of the body results in a trade-off of the other. Conner et. al (2014) also tested for 
correlations within-floral and within-vegetative traits. As a result, they observed lower 
correlations within-floral traits than within vegetative traits. They predicted that low levels of 
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modularity within floral trait explains the lower correlations compared to vegetative trait 
correlations. It is likely that the modularity prediction made by Conner et. al (2014) concerning 
low floral trait correlations could be present in my results on traits within body regions, 
especially those within-head regions. 
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  Conclusion 
 As stated, this study did not provide enough evidence to support any of my hypotheses. 
Holometabolous species were not on average more highly correlated than hemimetabolous. 
Among the eight species studied, D. carolina displayed evidence of the highest correlation. This 
high correlation is likely due to the great size variation within this species. Other 
hemimetabolous species such as C. maculata also showed evidence of high correlation, as a 
result of size variation. T. castaneum adults displayed evidence of lowest correlation, which 
could have resulted from the lack of difference in size variation. It is possible that this lack in 
size variation is due to the maturation of all individuals under similar environmental and 
nutritional conditions in a lab. Also, C. pennsylvanicus and P. interpunctella displayed high 
correlations among holometaboly. The statistical test suggest that larvae of the two 
holometabolous species had traits similar to traits found in the adults. Even distribution of trait 
correlation within body regions vs. between body regions were consistent with other previously 
conducted studies like Conner et. al. (2014), who observed lower correlations within-floral traits.  
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Appendix 
 
 Complete list of trait pairs 
 
T. castaneum (Adults) 
Head Head Antenna Mandible Femur1 Tibia1 Femur3 Tibia3 Wing 
Antenna 0.05 
 Mandible 0.21 0.35
 Femur1 -0.33 0.05 -0.08
 Tibia1 -0.18 0.33 0.69 0.46
 Femur3 0.49 0.06 0.44 0.19 0.29
 Tibia3 0.31 0.32 0.68 0.36 0.85 0.38
 Wing -0.04 -0.09 -0.01 -0.07 0.29 -0.36 0.33
 Prothorax 0.25 -0.18 0.34 -0.44 -0.20 -0.07 -0.01 0.18
T. castaneum (Larvae) 
Antenna -0.41 
 Mandible 0.45 -0.43
 Femur1 0.29 -0.27 0.72
 Tibia1 0.59 -0.32 0.67 0.50
 Femur3 -0.09 0.11 0.60 0.72 0.23
 Tibia3 0.16 -0.14 0.15 0.41 0.55 -0.06
 Wing ---- ---- ---- ---- ---- ---- ---- 
 Prothorax 0.87 -0.44 0.48 0.29 0.46 0.06 0.07 ---- 
C. pennsylvanicus 
Antenna 0.16 
 Mandible 0.94 0.13
 Femur1 0.84 0.04 0.92
 Tibia1 0.89 0.26 0.89 0.93
 Femur3 0.94 0.21 0.98 0.94 0.95
 Tibia3 0.92 0.17 0.98 0.92 0.88 0.96
 Wing ---- ---- ---- ---- ---- ---- ---- 
 Prothorax 0.94 0.15 0.97 0.95 0.95 0.98 0.98 
 Photurus sp. (Adults) 
Antenna -0.43 
 Mandible 0.53 -0.54
 Femur1 0.57 -0.12 0.66
 Tibia1 0.53 0.34 0.36 0.71
 Femur3 0.29 0.19 0.68 0.71 0.71
 Tibia3 -0.26 0.54 0.03 0.29 0.50 0.65
 Wing 0.48 -0.72 0.75 0.46 0.19 0.26 -0.17
 Prothorax 0.41 -0.71 0.63 0.44 0.12 0.31 0.19 0.67
Photurus sp. (Larvae) 
Antenna -0.03 
 Mandible 0.03 0.19
 Femur1 0.47 0.29 0.16
 Tibia1 0.36 0.37 0.28 0.88
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Femur3 0.79 0.02 0.27 0.56 0.57 
 Tibia3 0.52 0.19 0.24 0.87 0.83 0.75
 Wing ---- ---- ---- ---- ---- ---- ---- ---- 
Prothorax 0.58 0.08 0.75 0.36 0.42 0.80 0.56 ---- 
P. interpunctella 
Antenna 0.92 
 Mandible 0.65 0.70
 Femur1 0.85 0.88 0.81
 Tibia1 0.75 0.64 0.73 0.83
 Femur3 0.34 0.39 0.33 0.43 0.10
 Tibia3 0.89 0.84 0.60 0.87 0.83 0.40
 Wing 0.78 0.71 0.77 0.76 0.87 0.30 0.81
 Prothorax 0.72 0.79 0.85 0.88 0.82 0.78 0.82 0.63
C. maculata 
Antenna 0.66 
 Mandible 0.76 0.81
 Femur1 0.81 0.81 0.97
 Tibia1 0.66 0.86 0.94 0.94
 Femur3 0.62 0.70 0.94 0.88 0.90
 Tibia3 0.70 0.78 0.95 0.92 0.95 0.94
 Wing 0.20 0.47 0.62 0.61 0.58 0.64 0.51
 Prothorax 0.72 0.79 0.85 0.88 0.82 0.78 0.82 0.63
H. limbata 
Antenna 0.22 
 Mandible ---- ---- 
 Femur1 0.16 0.09 --- 
 Tibia1 -0.16 0.06 --- 0.69 
 Femur3 0.11 0.51 --- 0.68 0.65
 Tibia3 -0.27 0.21 --- 0.62 0.53 0.62
 Wing 0.78 0.63 --- 0.20 0.02 0.33 -0.10
 Prothorax 0.27 0.66 --- 0.62 0.34 0.69 0.31 0.41
P. concava 
Antenna --- 
 Mandible -0.10 ---- 
 Femur1 0.15 ---- 0.22 
 Tibia1 0.55 ---- -0.26 0.08
 Femur3 0.04 ---- 0.05 -0.71 0.14
 Tibia3 0.63 ---- 0.43 -0.04 0.43 0.27
 Wing 0.54 ---- -0.09 0.02 0.41 0.40 0.66
 Prothorax 0.50 ---- -0.01 -0.19 0.34 0.59 0.70 0.96
D. carolina 
Antenna 
 Mandible 0.89 ---- 
 Femur1 0.96 ---- 0.89 
 Tibia1 0.86 ---- 0.83 0.90
 Femur3 0.96 ---- 0.90 0.98 0.93
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Tibia3 0.98 ---- 0.91 0.95 0.92 0.98 
 Wing 0.94 ---- 0.85 0.85 0.78 0.87 0.90
 Prothorax 0.99 ---- 0.90 0.94 0.87 0.94 0.98 0.95
 
